Heritage: The death-rate from arterial hypertension is higher than that from cancer. In people over 50 years of age it is responsible for 23% of the total deaths. Hypertension is not, however, a disease entity; it is caused by or associated with fifty morbid states. Moreover most patients suffer from the essential or malignant variety of hypertension, the aetiology of which is uncertain. The term essential hypertension is therefore a confession of ignorance and therein lies its chief value.
Section of Urology
President-H. L. ATTWATER, M.Ch. [May 27, 1943] DISCUSSION ON THE RELATIONSHIP OF HYPERTENSION TO RENAL DISEASE Mr. Kenneth Heritage: The death-rate from arterial hypertension is higher than that from cancer. In people over 50 years of age it is responsible for 23% of the total deaths. Hypertension is not, however, a disease entity; it is caused by or associated with fifty morbid states. Moreover most patients suffer from the essential or malignant variety of hypertension, the aetiology of which is uncertain. The term essential hypertension is therefore a confession of ignorance and therein lies its chief value.
Albutt in England and Huchard in France about 1895, first drew attention to cases of long-standing hypertension unassociated with clinical evidence of previous nephritic or vascular disease, thus differentiating hyperpiesia, the cause of which is unknown, from hypertension secondary to renal disease. Such cases of hyperpiesia may show an hereditary tendency; hypertension commonly shows itself in early adult life; it may remain stationary for many years or show wide variations in the individual case, but sooner or later deterioration and death occur, downward progress being particularly rapid when the level of 200 mm.Hg or over is reached. These wide variations, the temporary improvement in the blood-pressure with rest, and the ageing factor must constantly be borne in mind in studying these cases and in assessing the results of treatment.
Of recent years the conception of an extrarenal cause for essential hypertension has been called in question bv experimental work, and clinicians' attention has turned again to the kidney in the investigation of these baffling cases. Goldblatt in 1934 produced sustained hypertension in dogs by two methods and thereby established on firm basis a renal origin for at least one variety of hypertension, first by partial constriction of both renal arteries by screw clips, and secondly by partial constriction of one renal artery followed by removal of the opposite kidney. The presence of the normal kidney tends to prevent hypertension developing. Wilson and Byrom showed that constriction of one renal arterv resulted in permanent hypertension in rats and that subsequent changes took place in the opposite unclamped kidney essentially similar to those seen in malignant hypertension in man. The effects of experimental hvpertension on the normal kidney could thus be studied.
The degree of hypertension varies with the degree of constriction. Moderate constriction results in hypertension which corresponds with benign hypertension in man whereas severe constriction results in severe vascular changes in all organs except the constricted kidney which is protected from the effects of hypertension by the clamp. When clamps are applied to both renal arteries, both kidneys are protected from the vascular changes.
Thus whilst renal ischaemia causes hypertension, hypertension is capable of producing all the vascular changes in the kidney formerly regarded as chronic nephritis. Since these changes increase the renal ischaemia, a vicious circle is set up. If the ischxemic kidney is removed or the clamp removed and the vicious circle thereby broken before vascular changes in the other kidney have become permanent or widespread, the blood-pressure returns to normal, but if months have elapsed and the secondary vascular changes become well established these in turn maintain the ischaemia and hypertension, and by causing fresh vascular damage lead to rapid deterioration in the terminal stages. Ischgemic hypertension is affected by the patency of the ureter. If the ureter is also ligatured no hypertension develops, although a smaller quantity of pressor substance can still be demonstrated in the blood from the renal vein. Removal of the opposite kidney results in hypertension. Ligature of the ureter after ischkemic hypertension has been produced results in a fall of the pressure to normal.
Bilateral adrenalectomy also completely eliminates the response to constriction of the renal arteries and Page has shown that the adrenal cortex or the administration of AUG.-UROL. 1 Proceedings of the Royal Society oJ Medtctne 4 its extract in substitution therapy is necessary for the production and maintenance of the hypertension of experimental renal ischlemia.
Goldblatt reports that the hypertension induced by his clamp is not lowered by pentothal, pentobarbital sodium, chioralose or morphia, but is lowered by amyl nitrite, glyceryl-trinitrate and high doses of potassium thiocyanate.
Whilst the existence of experimental hypertension is undoubted, its mode of production is by no means established. That it is not due to a nervous reflex is shown by the facts that it cannot be prevented or relieved by denervation of the renal pedicle, excision of the splanchnic nerves, complete sympathectomy or by destruction of the spinal cord. Therefore the mechanism of production is probably chemical by means of a pressor substance. Such a pressor substance (renin) derived from the cortex of the kidnev was described as long ago as 1898 by Tigerstedt and Bergman. When isolated kidneys are perfused with blood no pressor substance is liberated so long as the pulse pressure is normal, but sharp reduction of the pulse pressure or the conversion of a pulsatile to a continuous flow of blood leads to abundant liberation of pressor substance. Thus true iscliemia need not occur.
Renin has been isolated and its properties studied. When injected intravenously it produces a rather slow rise in blood-pressure. When perfused with blood it causes vasoconstriction but not when perfused with Ringer's solution. This led to the discovery that renin acts by combining or reacting with the pseudoglobulin fraction of the plasma proteins forming angiotonin or hypertensin. This substance has been isolated and actually crystallized. In its properties it is quite unlike renin, being much more stable, will withstand boiling, and intravenous injection produces a prompt rise in bloodpressure. Its action is greatly reduced or nullified by the presence of normal kidney tissue from which an antipressor enzyme can be isolated. This enzyme, which has the power of destroying or neutralizing the pressor effect of angiotonin, has been extracted and used with effect in the reduction of experimental hypertension in animals and of essential hypertension in man ( fig. 1 ). Whilst the production of such antipressor substance and its use in the therapy of essential hypertension holds out some promise, it cannot yet be regarded as in anything but the earliest experimental stage. Decreased blood flow through the kidney and thence hypertension can be produced in many ways experimentally: (1) By removal of large portions of total kidney substance but not by total removal. (2) By partial ligation of the renal arteries (janeway).
(3) By constriction of the renal veins (Bell and Pederson, Braun-Menendez). (4) By constriction of the kidney by cellophane perinephritis (Page). (5) Bv production of renal Section of Urology 553 fibrosis by X-rays (Hartman, Ballinger and Doub). (6) By compression of the renal arteries by adjustable clamps (Goldblatt, Wilson and Byrom). (7) By constriction of a solitary kidney transplanted to the groin (Glenn, Child and Heuer). (8) By ligation of both ureters.
(9) By placing a ligature which while not constricting, limits the growth of the renal artery in young animals (Drury). Some of these methods are analogous to clinical disease in man but the parallel cannot be closely drawn and experimental evidence should serve only to suggest lines of clinical research.
Turning from the experimental work to clinical surgerv: If we exclude endocrine diseases associated with hypertension such as pituitary basophilism, arrhenoblastomata of the ovary, adrenal cortical tumours, paragangliomata of the adrenal medulla,&c., sturgical interest in hypertension falls int'o three groups of cases: (1) Hypertension associated with bilateral renal disease, chiefly bilateral urinary obstruction with or without infection.
(2) Hypertension associated with unilateral renal disease. (3) Essential or malignant hypertension in which evidence of a primary renal lesion is absent or doubtful.
(1) HYPERTENSION ASSOCIATED WITH BILATERAL RENAL DISEASE Taking the first of these groups, even before clinical sphygmomanometry was possible, the association between cardiac hypertrophy and obstructive lesions of the urinary tract was noted. Potain in 1875 noted this occurrence in cases of prostatic hypertrophy. Since then it has been a common observation to find hvpertension associated with chronic urinary obstruction due to prostatic enlargement, urethral stricture, bilateral ureteric calculi, ureteric obstruction due to inflammatory or neoplastic infiltration, tabetic bladder dysfunction and a varietv of other obstructive lesions. In many, particularly the older patients, this may be a chance association, but a fall in blood-pressure followed by the maintenance of a permanently lowered level is sufficiently frequently observed to be a commonplace. Although these patients are often of advanced age and have long-standing urinary back-pressure, the hypertension is of a particularly benign type and responds well to drainage. I believe that hypertension with or without gross arteriosclerosis even in the absence of a raised blood urea is an indication for two-stage prostatectomy, and that this decompression of the vascular system is no minor contribution to the benefits of prostatectomy.
Uracmia and hypertension are not necessarily associated. Back-pressure uraemia may be present with a normal blood-pressure. Conversely hypertension may be present with a normal blood urea.
The following case is a common example in prostatic surgery.
A man aged 64 gave a two months' history of severe prostatic obstruction and of retention with overflow. The bladder was painlessly distended to the umbilicus. The urine was clear and uninfected. The blood urea was 82 mg. The blood-pressure whilst at rest was 210/130. Drip decompression of the bladder was carried out after which the blood urea fell to 58 mg. and the Van Slyke urea clearance test was 40% of normal. Two-stage prostatectomy was carried out as the blood-pressure had fallen to 120/70 at which level it now remains six months after operation.
In calculus anuria the blood-pressure rises sharply and commonly falls to normal when the urinary obstruction is relieved.
In anuria due to sulphapyridine crystals a similar sharp rise in blood-pressure is observed.
When investigating cases of hypertension the possibility of lower urinary obstruction should always be borne in mind. Difficulties are encountered as shown by the following case.
A man aged 58 is recorded as having had a blood-pressure on repeated examination of around 148/100 in April 1938. In December 1940 left nephrectomy was performed for stone in Sydney, N.S.W.; the right kidney being normal. A vesical calculus was also crushed. Since May, 1942, the blood-pressure has risen steadily to 240/140 and presumably will continue to rise. He has no urinary symptoms except nocturnal frequency.
The urine shows no evidence of pus, blood, casts, or organisms. Urea concentration test shows maximal concentration Wof 1.70% urea.
Cystoscopy shows moderate prostatic enlargement with 4 oz. of residual urine.
Both ureteric orifices are so grossly dilated and patulous that they look like the mouths of diverticula.
The left leads to a sausage-shaped saccular dilatation of the stump of the left ureter in which a ureteric catheter coils up. The right shows considerable ureteric and pelvic dilatation, and a cystogram shows backflow uo the ureters. Is his hyDertension accidentally associated with a urinary lesion? Is it due to irreversible changes set up by the removed left kidney or is it in any way related to the mild though definite degree of prostatic obstruction now present?
Congenital polycystic kidney is associated with hypertension in over 50% of cases and the clinical course and sequience of events closely resemble that of chronic nephritis.
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(2) HYPERTENSION ASSOCIATED WITH UNILATERAL RENAL DISEASE We turn now to the important group of cases of hypertension associated with unilateral renal disease. Since the work of Goldblatt followed by Wilson and Byrom, clinicians have been on the look out for cases of hypertension with evidence of unilateral disease in the hope of relief by nephrectomy.
Statistics differ as to the frequency with which these conditions are associated, yet whilst far from common, the relationship between the two conditions is in some cases undoubted.
In some cases particularly in children, it seems probable that the unilateral renal lesion is the sole cause of the hypertension as in the experimental animal. The frequency of unilateral renal disease and the comparative infrequency of its association with hypertension lends support to Braasch's view that the renal lesionserves as an irritant to bring out a latent hypertension, or hereditary tendency.
Whilst a dramatic fall in blood-pressure to normal often follows nephrectomy, and although this reduction in blood-pressure is maintained for weeks or months, in the majority of cases, probably due to secondary vascular changes in the other kidney and elsewhere, a steady upward creep of the blood-pressure is noted until in many cases the original reading is reached. Particularly is this the case in adult and elderly patients. In these cases although the presence of hypertension is to be taken into account in borderline problems, the decision between nephrectomy and conservative surgery must be dictated in the main by the extent of the surgical renal disease. In the present state of our knowledge, the sacrifice for a minor lesion, of a kidney which at a later date can ill be spared, must be guarded against.
The unilateral lesions most frequently associated with hypertension are atrophic pyelonephritis, hydroand pyo-nephrosis with or without stone, and vascular lesions of the kidney.
Atrophic pyelonephritis is an unsatisfactory term used to denote a small poorly functioning infected kidney. Many are contracted as a result of chronic infection and fibrosis, but probably the majority are chronically infected due to some congenital abnormality; aplasia or hypoplasia due to insufficient blood supply. In these cases it seems that Nature has anticipated Drury's experiments. This congenitally hypoplastic theory is supported by the fact that these kidneys are frequently the cause of hypertension in children.
The first successful case of this kind recorded by Butler in 1937 is of a boy aged 7 whose unilateral pyelonephritis continued after removal of a stone. The blood-pressure gradually rose to 160/105 and after nephrectomy fell to 100/70. Twenty months later the blood-pressure was 115/75 and the child remained well. Barney and Suby record the association of a blood-pressure of 190/120 with a functionless right kidney in a child aged 10. Twenty-one months after nephrectomy the blood-pressure was 92/50.
Hypertension of the malignant type associated with renal hypoplasia has been known for some time. Schwartz in 1924 described a fatal case in a child, in which the smaller kidney weighed only 6 g. compared with its fellow of 150 g.
Fishberg in his monograph states that hypoplasia of one kidney is not a rare finding in a young person who has succumbed to malignant hypertension.
A beautiful example has recently been described by Platt. A girl aged 8 suffered from Bacillus coli infection in a functionless left kidney. Severe headache, morning vomiting, cardiac enlargement, bilateral papillcedema and retinitis, and raised blood non-protein nitrogen were present with a blood-pressure of 200/120.
The urine showed a trace of albumin but no pus or casts. After nephrectomy the blood-pressure fell during the next five months to 125/70 and all symDtoms and signs cleared up completely.
Examinations of the specimen showed healed pyelonephritis in a congenitally hypoplastic kidney. No main renal artery was found, its place being taken by four tiny vessels.
Although in this case nephrectomy was successful, though performed at a late stage in the disease, it is obviously highly desirable to remove the diseased kidney before the malignant phase and before the vicious circle of irreversible changes has been set up in the opposite kidney and elsewhere. Wilson and Chamberlain reported a similar case in a girl of 12, whose blood-pressure of 230/170 was associated with a functionless right kidney. The urine contained a trace of albumin, a few pus cells but no casts. Forty-eight hours after neDhrectomy the bloodpressure had fallen to 130/90 but at the end of ninety-six hours had risen again to 200/140. During the next two months a gradual fall took place and one year after operation it was found to be 116/74. Burkiland recorded an example of a congenitally hypoplastic pelvic kidney which from the age of 3 was known to be associated with hypertension up to 175/120. This hypertension was watched for two years till at the age of 52/2 nephrectomy was carried out.
The renal artery was found to be partially occluded. A marked fall in blood-pressure followed operation and three and a half years later showed a reading of 105/65. Many similar cases are recorded in children and adults although few have yet been followed sufficiently long after operation for the ultimate results to be known. It is clear, however, that every case of hypertension particularly in children merits complete urography.
In adults the results are much less striking. It is to be assumed that the child's vascular system is much more adjustable and that the permanent changes are less marked.
Abeshouse records the case of a man aged 52 who suffered from left hydronephrosis associated with pelvi-ureteric obstruction. The blood-pressure varied between 200 and 210 systolic and 110 and 120 diastolic. Temporary improvement followed a plastic operation, the blood-pressure falling to 170/110, but the hydronephrosis recurred and ruptured spontaneously, giving rise to a perinephric abscess. Nephrectomy was performed and he was subsequently observed for three years during which time the reading remained constant at about 152/108. Partial ureteric or pelvic obstruction in producing hydroand pyo-nephrosis must commonly produce much elongation, distortion and compression of the renal arteries and pressure ischaemia of the renal tissue. Hypertension might be expected as a common finding. This, however, is far from the case and in some cases in which it is present and greatly benefited by nephrectomy, the specimen shows only very little renal tissue left in the wall of the sac, as in the following case.
A man aged 42 was first seen in October, 1937, when he complained of severe headaches, palpitations and dizziness of a few weeks' duration. He had occasionally passed dark urine suggestive of haematuria. Examination showed cardiac enlargement with an apical systolic murmur and a blood-pressure of 236/134. The retinal vessels showed sclerosis but no papillcedema was present.
No abnormality was palpable in the abdomen. He was admitted as a case of essential hypertension to the medical side of the hospital, and investigated as follows:
Blood Wassermann negative. Urine shows no red or white blood cells and no casts; later hyaline casts were found in moderate numbers.
Blood urea was about 40 mg. on repeated examination.
The urea concentration test showed a concentration up to 4% in the third hour. The standard urea clearance test showed a clearance of 84% in the first hour and 60% in the second hour.
With rest in bed for two weeks the blood-pressure varied between 220/130 and 170/100, the latter figure being obtained after subcutaneous injection of vagotonin of which he had 17 daily injections. One month later his blood-pressure was again 250/150 and his symptoms were particularly severe. Radiological examination was now carried out showing no uroselectan excretion from the left kidney whilst the right showed no abnormality. Unfortunately these films were destroyed by bombing. Blood-pressure was observed two-hourly for two days (see fig. 2 ).
J44r, 1J3e
Tw4 , b , o54e &. On February 3, 1938, five months after the onset of hypertensive symptoms, left nephrectomy was carried out.
The blood-pressure immediately prior to operation was 230/140 and dropped to 180/100 under pentothal anaesthesia.
The usual loin incision was employed and a large pyonephrotic kidney found containing urine rich in cholesterol crystals. The renal tissue was compressed to a thin fibrotic shell and the upper end of the ureter was occluded.
He has been re-examined recently-five years after nephrectomy. He has remained completely well and his present blood-pressure whilst ambulatory is 150/75 (see fig. 3 ). The urine shows no abnormality.
A,"siy It is to be noted that in this case there was only a five months' history of hypertension and its vasospastic nature was suggested by the marked fall under pentothal anlesthesia.
I am indebted to my colleagues at the Princess Beatrice Hospital for their records of this case.
The following case illustrates the opposite extreme:
A woman of 62, known to have had tuberculosis of the left kidney for many years, was admitted in a state of stupor. Blood-pressure 220/120. Retinal haemorrhages, macular star, marked papillcedema. Blood urea, 77 mg. Urea clearance 22%. The urine was loaded with albumin but contained no pus cells or casts. Marked left ventricular hypertrophy and peripheral vascular thickening were present.
Intravenous urography showed no function in a partly calcified left kidney, whilst the right showed only slight pelvic enlargement and was fairly well outlined.
She died of cardiac failure six weeks later.
Renal tuberculosis is not commonly associated with hypertension although Braasch found it in 13% of autonephrectomized kidneys such as this. Nesbit and Ratliff report a case of a woman aged 51 whose blood-pressure of 180/100 fell to 120/100 and remained at this level for fourteen months following removal of a tuberculous right kidney. It is noted that these cases are older than the average case of renal tuberculosis.
Renal calculus is not commonly associated with hypertension although the degree of chronic infection and renal sclerosis commonly associated would be expected to be productive of renal ischaemia.
Possibly stone earlier than other lesions draws attention to its presence and dominates the clinical picture, or in more long-standing cases, urinary obstruction negatives the hypertensive effect of vascular constriction as in cases of pyonephrosis.
I am indebted to Mr. Alex Roche for the following case:
A woman aged 54 gave a history of haematuria and pain in the left loin. The urine contained Bacillus coli and the radiograph showed an atypical stone in the outer part of the left renal pelvis and the function of the left kidney was severely reduced, the right being normal. The blood-pressure was 190/120. Left nephrectomy was performed and the specimen, which was shown at the pathological meeting of this Section last year, showed an encapsulated stone adjacent to.which was a squamous-celled carcinoma of the renal pelvis. The kidney was hollowed and contained blood. Four days later the blood-pressure was 186/92 and six weeks after operation 174/84. This case is of interest in showing the unusual feature that the post-operative fall in blood-pressure is most marked, indeed almost entirely confined to the diastolic reading.
Very little evidence is available concerning the relationship of hypernephromata to hypertension. Although in the age group to which many of these cases belong hypertension is naturally common, few appear to be relieved by nephrectomy. This is rather unexpected in view of the frequency with which the renal vein is invaded by growth.
I am aware of a case in which visual impairment and fundus changes were associated with a systolic pressure of 180. Haematuria, however, led to the discovery of a small hypernephroma, the removal of which produced a rapid fall in blood-pressure to 120 systolic and the disappearance of all symptoms.
Even extreme hypertension is frequently seen with Wilms' tumours in children and Koons records a fall in blood-pressure from 190/155 to 116/76 following nephrectomy.
Whether ischaemia of renal tumour tissue like ischiemia of typical renal tissue can cause hypertension is not clear.
Again we have no convincing evidence that nephroptosis is associated with orthostatic hypertension.
In spite of Page's experimental findings with cellophane perinephritis, there is no evidence that perinephritis or perinephric abscess is ever an etiological factor of hypertension in man.
Vascular lesions of the kidney.-From animal experiments it would be expected that hypertension would be a more constant feature of vascular renal lesions than other sclerotic disease, provided that the vascular change is one that results in a constriction rather than occlusion of the individual vessels.
Since localized or diffuse arteriosclerotic disease commonly is the result of hypertension, it would clarify the problem if such cases were for the time being excluded, and evidence sought amongst conditions in whose causation hypertension can play little part.
Welty recently collected 11 cases of thrombosis of the renal artery, a condition which is frequently mistaken for an acute abdominal catastrophe. Hypertension was present in every case.
Fishberg noted the development of transitory hypertension associated with embolism of the renal artery in a case of myocardial infarction. The blood-pressure was observed to be 100/60 for two weeks before the renal embolism following which it rose to 155/108 subsiding to normal again in five days.
It would seem that complete occlusion as in renal infarction is associated with transient or no blood-pressure changes.
A review of the literature of periarteritis nodosa reveals that hypertension is an almost constant finding in cases with renal changes.
Braasch, Walters and Hammer observed hypertension in two cases following severe renal injury. These authors have emphasized the role of operative trauma and infection as aetiological factors in hypertension. They reported 14 cases in which the blood-pressure was normal prior to conservative renal surgery but hypertension followed operation. Each case presented evidence of reduced function and persistent infection following the conservative operation and after removal of the diseased kidney the blood-pressure returned to normal.
Aneurysm of the renal artery is a rare condition but a recent report of this condition by Howard Forbes and Lipscomb is extremely instructive.
A girl aged 5 who gave a past history of acute hwemorrhagic nephritis following a throat infection was known to have a normal blood-pressure until August 1939 when she complained of headache and a left hemiparesis. At this time the blood-pressure was 158/90, and the urine contained a trace of albumin and a few casts. A craniotomy was performed at Johns Hopkins Hospital for right frontal haemorrhage and although little abnormal was found the neurological sign.s cleared up. By this time the child's pressure had risen to 190/140 and when taken hourly for twenty-four hours the lowest reading obtained was 168/132.
The fundi showed only arterial constriction. Intravenous and retrograde pyelography showed good excretion on both sides; the left renal pelvis was normal but the right showed slight dilatation of the lower calyx. Since as a last resort Adson's sympathectomy had been decided upon, the right side was chosen first. In October, 1939, right splanchnicectomy and removal of the cceliac and the first, second and third right lumbar ganglia were carried out. Although after this operation evidence of sympathetic interruption was noted, no fall in blood-pressure occurred.
Two weeks later a similar operation was performed on the left side. Splanchnicectomy and ganglionectomy were done first and the usual fall in blood-pressure did not occur.
Gerota's capsule was then opened with a view to renal decapsulation. The kidney was found to be normal but attached to the pedicle was a multilocular aneurysm of the renal artery the size of three small grapes. At this moment the blood-pressure was 170/100. Nephrectomy was immediately carried out and five minutes later the pressure had dropped to 126/80. The kidney showed hyaline necrosis of the glomeruli, degenerative changes in the tubules and intimal proliferation.
Three weeks later on discharge from hospital the reading was 138/90, and five months later 110/70. The child remained in good health nine and a half months after operation.
This case illustrates the fact that a kidney may shQw no difference from its fellow in the excretion of uroselectan and may show a completely normal pyelogram and yet be the unilateral cause of hypertension.
(3) ESSENTIAL HYPERTENSION In the search for clinical renal ischaemia we are handicapped by the absence of any means of visualizing the renal arterial tree in life and although uroselectan clearance tests and intravenous pyelography afford evidence of total renal blood flow-the blood being practically cleared in a single passage through the kidney-they afford no evidence of degrees of vascular obstruction.
In this connexion it is interesting to note that Corcoran and Page found no depression of renal function to urea, inulin, uroselectan or phenol red clearance tests in hypertension induced by either cellophane perinephritis or by arterial constriction.
It cannot be too strongly emphasized that it is exceptional to find a gross surgical renal lesion associated with hypertension and it is always possible for the association to be a chance one. The great majority of our cases therefore remain in the unknown or essential group, and there is no evidence that the kidney is primarily responsible for this condition. In cases of malignant hypertension dying early in the course of the disease from a non-renal cause post-mortem renal changes are minimal or lacking; arteriolar necrosis being the earliest change.
From our 'knowledge of the effects of severe hypertension on the kidney, it is tempting to suggest that some vascular constriction, presumably vasospasm when organic change is absent, must have protected the kidneys from the otherwise inevitably severe vascular damage of hypertension.
Since angiotonin is both a result and cause of renal vascular constriction another vicious circle is evident.
It is probable therefore in early cases of essential or malignant hypertension that antipressor therapy if perfected, will find its chief application.
In the meanwhile sympathetic surgery has been applied extensively to these cases. The sympathetic surgery of hypertension is based on the assumption that the increased arterial tone can be released by extensive sympathectomy and that a fall in blood-pressure follows such extensive vasodilatation. This fall in blood-pressure undoubtedly follows splanchnicectomy and is largely due to splanchnic vasodilatation which may be severe enough to produce extreme orthostatic hypotension. Other important factors are denervation of the adrenals with possible reduction in the release of adrenalin under conditions of stress, and the abolition of neurogenic renal vasospasm by renal denervation.
The latter factor would appear to be negligible except in emergencies of great sympathetic stimulation, for renal denervation alone has no effect either on the systemic bloodpressure or on the renal blood flow under normal conditions. In fact the kidney seems possessed of a remarkable degree of autonomous adjustment of its afferent and efferent arterioles by which in the face of changing arterial pressure it is able to maintain the renal blood flow constant, possibly also of altering the blood-pressure to maintain renal flow. Such vascular control must be humoral as it is uninfluenced by denervation.
Although an increased filtration fraction and a decreased renal blood flow, both explainable by efferent vasoconstriction, characterize essential hypertension in man, extensive sympathectomy has no effect in increasirng the renal blood flow as measured by the abrodil clearance test, yet the maintenance of the pre-operative volume of renal blood flow in the presence of a lowered blood-pressure would suggest that some renal vasodilatation has taken place. It would appear possible therefore that a reduction in blood-pressure by extensive vaasodilatation and impairment of the output of adrenalin may in some way break the vicious circle of renal vasoconstriction.
One is, of course, well aware of the very strong evidence against hyper-adrenalinaemia and the dissimilarity between the paroxysmal hypertension of adrenal medullary tumours and the cases under discussion.
As mentioned earlier, even total sympathectomy has no power in reducing hypertension due to a Goldblatt clamp, so if any comparison can be made from animals to mant, the benefits of sympathectomy in essential hypertension must be ascribed to release of the physiological clamp, before anatomical changes have gone too far.
Four operative procedures have been used, and have gained widespread acceptance.
(1) Crile's operation of adrenal denervation and cceliac ganglionectomy. Whilst Crile reports relief in over 50% of cases it is important to remember that sympathetic regeneration rapidly takes place.
(2) Peet's simultaneous bilateral intrathoracic splanchnicectomy and lower dorsal ganglionectomy. This has the advantage that both sides can be done at one sitting and since much of the division is pre-ganglionic, regeneration is less likely, but it suffers from the great disadvantage that the kidney, renal vessels and adrenals cannot be inspected and so lesions here may be missed. However Peet records over 40% of cases in each post-operative year up to six years as having marked reduction in blood-pressure, and of these about half showed either a return to normal blood-pressure, or a fall of 80 mm. in systolic and 25 mm. in diastolic pressure.
(3) The most popular operation of this type is Adson's subdiaphragmatic extraperitoneal resection of the splanchnic nerves, cceliac ganglia and lumbar sympathetic chain, generally combined with partial adrenalectomy, renal denervation, decapsulation and biopsy. Whilst this has to be carried out at separate occasions on each side and though, in spite of its radical nature regeneration is possible, it has the advantage that a very complete inspection of the adrenals, renal vessels and kidney is an essential part of the operation.
(4) Recently Smithwick has still further extended this operation above the diaphragm to obtain preganglionic section, and has removed also the lower dorsal sympathetic chain and the supradiaphragmatic course of the splanchnic nerves. This operation when completed bilaterally is followed for a time by severe orthostatic hypotension, but for it Smithwick claims 65% of good results.
(The role of decapsulation in aiding collateral circulation is doubtful. There is doubt as to whether it aids in providing collateral vessels or whether like Page's cellophane, perinephritis is set up. This is quite apart from the question as to whether the constricted arterioles are ever reached.)
My small experience is limited to the extended Adson operation from which a substantial fall in blood-pressure is commonly obtained. Other cases in which the fall in blood-pressure is slight obtain a disproportionate amount of symptomatic relief and even retrogression of fundus changes.
It must be admitted, however, that if the evil consequences of prolonged hypertension are to be averted, substantial reduction in blood-pressure is necessary.
Loyal Davis has shown that splanchnicectomy even if unsuccessful in causing a significant fall in blood-pressure renders the patient more responsive to medical treatment with sodium thiocyanate.
In the absence of knowledge of the mode of action, the criteria for splanchnicectomy must be accepted with considerable reserve. Here are some that have been put forward.
(1) The absence of any known endocrine cause.
(2) The absence of any primary medical or surgical lesion of the urinary tract. ( 11) Positive cold pressor test. Many writers sound a note of warning on the dangers of a fall in blood-pressure. In none of the records I have studied have I found any evidence that a reduction in bloodpressure towards normal has been anything but beneficial.
In conclusion, it is clear that in investigating a case of unexplained hypertension a complete urological search is necessary. Although in the great majority of cases no surgical lesion will be found and great caution is necessary in interpreting the association between such a lesion and hypertension as. cause and effect, only when such a cause is excluded can the case be regarded as one of "essential hypertension" for which extensive sympathectomv seems to hold out a chance of definite palliative benefit. Dr. R. W. Scarf: The experimnental side of the mechaniism of the productionl of hypertension.-Both from clinical and experimental evidence there is no doubt that certain unilateral and bilateral kidney lesions may give rise to hypertension. A possible explanation that has received considerable attention of late is that the hypertension is the result of a humoral mechanism in which vasopressor substances are liberated during destruction of kidney substance. The presence and characteristics of a renal pressor substance have been the subject of intermittent research since Tigerstedt and Bergman (1898) first described it. The mode of action of this substance, renin, has been shown to be the result of a series of reactions culminating in the production of a substance called "hypertensin" by Houssay and Braun-Menendez (1942) and "angiotonin" by Page and Helmer (1940) .
The chart shows results of some experiments with renin which I carried out in conjunction with N. H. Martin (1941) . O ----3J c.c. kidney extract intravenotusly.
Anaesthesia 2-6 min.
Anaesthesia is indicated by broken lines .   FIG. 1. -A Shows the effects of a single injecton of renin. The hypertension induced was accompanied by a fall in the pulse-rate and extrasystoles were frequently detected when the pressure was at its height. B The injection of renin after ether anesthesia had been established. c The result of inducing anasthesis after the injection and terminating this an2esthesia before the effects of the injection had worn off.
(Taken from Brit. J7. exp. Path., 1941, 22, 311) .
The curious feature of the hypertension resulting from kidney damage is the inconstancy of its occurrence both clinically and experimentally. In 1937 (Scarff and ,McGeorge) a variety of kidney lesions were produced experimentally; these included oxalate nephritis, unilateral and bilateral nephrectomy, trauma, ligation of ureters and glomerular embolism, both by inert material and killed bacteria. In many of the animals considerable impairment in renal function was indicated by -an increase in the blood urea, but in none of them. was there found any significant rise in blood-pressure.
Other workers have been more successful in their endeavours to produce hypertension with the varying types of kidney injury, but most are agreed that, with the one outstanding exception of renal ischaemia, the hypertension can be established wvith no degree of constancy.
Various explanations for the apparentlv fortuitous occurrence of hypertension after renal damage have been put forward. These postulate critical degrees of anox,imia, excretory failure or the formation of substances that either directly or indirectly neutralize the action of the pressor substances. One fact does emerge, and that is that there is no parallelism between the occurrence of hvpertension and the amount of renal disability.
Recently, while endeavouring to reproduce experimentally the lesions of "crush kidney" C. A. Keele and I tried the effects of temporary occlusion of the renal circulation.
After occlusion of the renal circulation for periods varving between sixty to one hundred and twenty minutes, in the majority of animals the blood urea rises rapidly to 300 mg. per 100 c.c. Thence it may continue upwards to 600 or more or the animals may slowly recover. Although frequent blood-pressure readings were taken no significant rise of blood-pressure wvas found. [I am indebted to the Courtauld Institute of Biochemistry for these figures.]
On the other hand a high degree of hypertension can be established wvithout any gross signs of kidney failure.
Megibow, Katz and Rodbard (1942) have stated that a certain amount of healthy kidney tissue is necessary for the production of hypertension and that there must be a balance between ischcmic and healthy kidnev. It is not clear how this balance is maintained over long periods of kidney destruction.
On the question of the nature of essential hypertension, the above work taken in conjunction with the now classical experiments of Goldblatt et al. (1932 Goldblatt et al. ( , 1941 would appear to lend support to the view that this condition is the result of a humoral mechanism. This view is substantiated by Wilson and Pickering (1938) and bv Wilson and Byrom (1941) who show that clamping of one renal artery may be followed by the changes of malignant hypertension in the organs and in the untreated kidney. These authors believe that a viciouis circle is set up. This evidence has been accepted by many as a clear indication of the renal-humoral origin of essential hvpertension, but there is much that still requires explanation.
It is difficult to see how this viciouS circle is maintained without the intervention of some other factor. It is not clear if the changes are brought about by the high blood-pressuLre or by the substances liberated from the affected kidney. It is well known that both clinically and experimentally lasting hypertension may be unaccompanied by kidney changes. Lasting high blood-pressure can be induced in rabbits by denervation of the carotid sinuLses and even after long periods of hypertension no kidnev changes can be demonstrated (Kremer, Wright and Scarff, 1933) . If the pressor substance is directlv responsible there is no explanation for the absence of lesions in the clamped kidnev. It is true that its blood supply is reduced but its circulation is adequate and the circulating blood must contain the pressor substance.
I hope that other speakers will give the clinical evidence against the simple humoral view of hvpertension. The work of Arnott and Kellar (1936) on the experimental side should be noted. They demonstrated a rise in blood-pressure in oxalate nephritis but found that this rise was prevented by previous denervation of the kidney.
Nlaegraith and Maclcan (1942) showed that injections of kieselguhr into the renal cavity would produce a rise in blood-pressure in rabbits. They described two phases of the rise in pressure: (i) A transitory "spike" phase; (ii) a slower lasting rise.
Section of the renal nerves prevented the slow lasting phase or abolished it when established, but had no effect on the "spike" phase. This would indicate the operation of two distinct factors in the production of the hvpertension.
From these facts it would appear that both humoral and nervous mechanisms mav plav a part in the production of hvpertension but that knowledge of these alone is insufficient to explain the inconstant occurrence and variations in behaviour of the condition.
Dr. Horace Evans: In spite of the advances in our knowledge of the natural history of kidney disease and the exciting work on experimental hypertension, we as yet know little of the mechanism of essential or primary hypertension-the disease which is responsible for perhaps more than 90% of all patients with high blood-pressure. Nor is there yet any adequate treatment of this condition either medical or surgical.
At the present time, we recognize two main groups of patients with hypertension. In one, the hypertension is secondary to some obvious pathological state such as chronic nephritis, chronic pyelonephritis, polycystic kidney disease, toxaemia of pregnancy, tumours of suprarenal and pituitary glands, and coarctation of the aorta. In the other, the hypertension appears as the primary feature without obvious renal or other disease. This is the group known as essential hypertension. There are two types of essential hypertension: benign hypertension and malignant hypertension.
Benign hypertension is a disease of later life (50 to 60), and runs a course of many years, often symptom-free until some cardiac or cerebral catastrophe occurs. Papilloedema and renal failure do not occur. This condition accounts for the great majority of patients with high blood-pressure. The tolerance of women in particular to many years of this form of hypertension is notable. Malignant hypertension appears to be a separate clinical entity. It is relatively rare, and occurs in a younger age-group (40 to 50), more commonly males, with severe symptoms such as headache, dyspncea, and visual disturbances at the onset, and in the later stages renal failure is common with death within twelve to eighteen months of onset. Papillkedema is the early physical sign which immediately distinguishes this condition from benign hypertension. There is usually no record of previous hypertension. Occasional but rare instances occur when, after many years of benign hypertension, a malignant termination supervenes. This must not be confused with the clinical entity just described and for which the term malignant hypertension should be reserved.
The experiments of Goldblatt and Byrom and Wilson have led some to the belief that all hypertension is renal in origin. There is no doubt that, in certain instances, unilateral kidney disease (chronic pyelonephritis) may result in the development of hypertension and its sequelae. But in regard to essential hypertension the evidence is as yet inconclusive. Against a renal ;etiology, one may quote the following: In the rat experiments, no vascular disease is observed in the clamped kidney; in patients with malignant hypertension minimal vascular damage is seen in the early stages,-and severe later; severe bilateral kidney disease can occur without any hypertension. If arteriosclerosis is the result of hypertension, it cannot be convincingly put forward as a cause. It is possible of course that the mechanism of the production of essential hypertension is renal ischaemia, but if so it seems more probable that this is at first functional, being due to some extrarenal factor, and is only later aggravated by renal arteriosclerosis.
In regard to treatment of hypertension, particularly from the surgical aspect, I would emphasize certain points. There can be no doubt that a careful search for unilateral kidney disease should always be made, especially in young patients-though of course the condition is rare. The results of nephrectomy in such patients may be miraculous, though the outcome must be dependent upon whether or no secondary vascular changes have occurred in the sound kidney. As this must often be uncertain, disappointments will occur.
Apart from this very small group, our main concern will be with the very large group of essential or primary hypertension. Here I think it is of first importance to make an accurate diagnosis of the several disorders which have so much in common in their later stages. I refer to the hotch-potch of conditions which masquerades under the designation of "chronic interstitial nephritis". This may include the late stages of Bright's disease, malignant hypertension, benign hypertension, chronic pyelonephritis, and late-stage pregnancy kidneys. Particularly important is the separation of benign and malignant hypertension. Further, a period of careful observation of symptoms, blood-pressure readings, optic fundi, and renal function, is essential.
Until an effective therapy is introduced, it is probablv truLe to sav that the majority of patients wvith benign hypertenision are better %vithout treatment unless the state of the heart demands it. Onlv too often, excessive zeal in treatment of these cases results in a state of blood-pressure consciousness with its train of functional symptoms.
In my experience, the resutlts of denervation operations have been disappointing; and certainlv I have never observed results comparable to those claimed at the last International Surgical Congress in Brussels. All observers agree that svmptomatic improvement occurs muLch more frequLently than any permanent fall in the blood-pressure, and I feel that such symptoms may be functional or may be the resuLlt of the enforced rest.
It therefore seems to me that suLrgery wvill tend in futture to holda lesser place in the treatment of hypertension, and that a more probable solution lies in the experimental work on pressor substances though as yet this has not reached therapeutic application.
Finally 1 should like again to stress the importance of the careful selection of cases, their adequate assessment before treatment is begun and the realization of the benign symptomless course pursued by so many patients with essential hypertension.
Mr. A. Dickson Wright:
A special fillip to the xetiological study of hypertension was given wvhen it was first discovered bv Butler that the removal of a solitarv surgicallydiseased kidney could dramatically end a high blood-pressure syndrome indistinguishable from the classical type arising idiopathicallv or secondary to medical disease of the kidnev. It was felt that the diseased kidney was distilling some subtle high pressure poison and if that could be discovered and countered another scourge of civilization could be satisfactorily dealt with.
So far the wvork proceeds with indefinite results, various renins, nephrotonins and tiibulins have beenldescribed, but so far conviction is lacking.
The enthusiasm arising from the discovery of the hyperpiesis produced by surgical disease of the kidney was tempered and now even seems to be dying awvay when it was found that 70qo of suLch cases were not benefited by removal of the diseased kidney.
Again it was observed that patients with surgical diseases of the kidney were no more afflicted with high pressure than the general public. Pathologically too it was observed that these hypertensive surgical kidneys vere the seat of the arteriolar sclerosis found in the kidneys of Goldblatt's experimental dogs and the ordinary hypertensive casc. It was therefore presupposed that the surgical disease of the pelvis had excited this arteriolar disease in the parenchyma, high pressure resulted, and this in its turn produced arteriolar disease in the sound kidnev. Therefore earlv removal of the diseased kidney is indicated and if removal produces no result quta hypertension the fault is due to the late arrival of the suLrgeon on the scene and the other medicallv-diseased kidnev continues the mischief. If the kidney of the experimental rat is wrapped up in cellophane like a hon-bon in twvo weeks hvpertension has become established. Removal of the cellophaned kicdnev does not cure the condition, and the other kidnev at post-mortem is found to have the same histological picture as the wrapped kidney previously removed, viz. arteriolar sclerosis.
It has been felt that the power that keeps the kidney working is the pulse pressuLre, and arteriolar sclerosis prevents this pulse reaching the glomeruli and keeping them pLumping.
The enthusiastic search for the suLrgical kidney in hypertensive sutbjects has led us into some errors which may on occasions be serious an1d even endanger the life of the patient.
(I) Pyclography has been overinterpreted annd minor variatiolns and kinks have been given exaggerated importance so that in one series 71 ouLt of 178 hvpertensives were found to have abniorm-ial pyelograms (Schroeder and Stecle). The mere 1burying of the pelvis in the body of the kidney previously only regarded as the cturse of the lithotomist has nowv been cited as an abnormrality cautsing hypertension by Ravich.
(2) Kidnevs nmiay be extirpated on the basis of minor pathology to curc hvpertension and nothing results, an-d the patient has lost a good kidney and is left to fight a largelv rcnal disease with only one kidney, a sad state of affairs. So it must now be hcld that nephrectomv is not indicated unless the kidney concerned has practicallv no function left or nephrectomv is indicated per se. In each case the operation of splanchnic and lumbar sympathectomy and possibly adrenalectomy should be done there and then hecauise if the patient falls into the 70% who are unaffected bv nephrectomy one has at anv rate done something elsc for his hypertension and he requires onlv one operation more to complete the treatment on the other side. AUG. UROL. 2* (3) The kidney expcsed at the first splanchnic resection may be found to be grossly diseased and although pyelography had been normal one might be tempted (a) to remove it there and then; (b) to refrain from splanchnic resection on account of the gross renal pathology; (c) to go back and remove the diseased kidney later if sympathetic surgery fails.
An instructive case, illustrating (a) and (c) might be mentioned.
A young woman of 26 had a severe eclampsia with her third child and was left with malignant hypertension as a result. She was confined to bed because of her encephalopathy, and her future looked very black indeed as her course was steadily downhill in spite of all treatment.
At her first sympathectomy the kidney was found to be granular with a surface like a raspberry. It was agreed then with Dr. Geoffrey Evans that the first kidney should come out later if bilateral sympathectomy was a failure.
At the second sympatnectomy the other kidney looked completely normal, but carrying out my usual rule I did a biopsy as I had done with the grossly diseased kidney, and the sections were indistinguishable; both showed gross renal pathology. This illustrates the value of biopsy in these cases. If this case had not been a complete success now of four years' standing I might have made a serious error in removing the obviously diseased kidney.
A case illustrating point (b) was of a woman aged 41 suffering from hypertensive encephalopathy of the worst type. The usual search for contra-indication fortunately did not disclose the polycystic kidneys discovered at operation. In spite of this I did a splanchnic and lumbar sympathectomy. Great improvement resulted so the other side was done two weeks later and this case, alive and well now after six years, is a constant reminder to me of the evils of contra-indications and preconceived ideas.
Another interesting case is worthy of record. It was a young woman of 26 whose mother had died from hypertension secondary to polycystic kidneys. From her youth she had suffered from chronic intractable coliuria and gravel and Mr. Terence Millin had followed pyelographically the gradual destruction of one of her kidneys by atrophic pyelonephritis until at 26 it was functionless and about the size of a dried fig. As the kidney had shrunk so had her blood-pressure risen and she seemed a classical Butler's type of case. At operation the tiny kidney was found to be polycystic and Professor Newcomb confirmed this as a congenital and not an acquired polycystic condition. Sympathectomy done at this time produced a satisfactory fall in blood-pressure but her condition now, a year later, seems hopeless with a palpable remaining kidney, dirty smelly urine and a pressure near 200 mm.Hg.
To sum up: (a) The importance of the surgical kidney in hypertension should be written down rather than up.
(b) Never fail to make a biopsy of the renal parenchyma in hypertension while the kidney is exposed for splanchnicectomy.
(c) The sympathetic nerves should be divided at the same time as the kidney is removed when nephrectomy is done for renal disease in the presence of hypertension.
